Tumours of the glomus jugulare expanding into the posterior fossa are of the utmost rarity. Most such tumours originate primarily in the middle ear and later tend to expand in the direction of the external auditory canal. They are, therefore, recognized as a rule at an otoscopic examination and, consequently, most references to this tumour are found in the oto-laryngological literature. According to Bickerstaff and Howell, only four out of 90 cases collected from the literature up to 1953 presented early neurological features. We have found only five welldocumented cases of tumour of the glomus jugulare expanding into the posterior fossa and originating in the paraganglionic structures of this region (Alexander, Beamer, and Williams, 1951; Albernaz and Bucy, 1953; Semmes, 1951; Meacham and Capps, 1960; Thoms, Shaw, and Trowbridge, 1960) .
CASE REPORT
A woman aged 35 was admitted to the Tel-Hashomer Government Hospital on 4 April 1960. She complained of pain in her neck and in the back of her head of a year's duration, later accompanied by neck rigidity, left-sided headache, and a feeling of bruit in the left ear. Difficulties in swallowing and regurgitation and vomiting developed progressively. Because of severe dysphagia, she could be fed only through a gastric tube. Latterly, the patient complained of vertigo and unsteadiness and inability to stand and walk.
On admission, the patient looked very ill. She was fully conscious. Blood pressure was 120/70 mm.Hg and the pulse rate 86/min.
The chest was deformed by a thoracoplasty performed for tuberculosis in 1956. There was slight dullness to percussion. Coarse rales were present at the bases. The heart was normal. The abdomen was soft. The liver was palpable 1 cm. below the right costal margin.
Neurological examination showed scanning speech, vertical nystagmus, and a positive Romberg sign, the patient tending to fall to the right and backwards.
Paresis of the fifth, seventh, eighth, ninth, tenth, eleventh and twelfth cranial nerves was present on the left side, manifested by right-sided facial hypoaesthesia, lack of corneal, conjunctival, and masseter reflexes, deafness, drooping of the left soft palate, and lack of gag reflex. There was also partial atrophy and weakness of the left sternomastoid muscle and the left trapezius, and finally atrophy of the left side of the tongue. Laboratory examination of blood and urine showed no significant abnormality apart from anaemia (Hb 9 5 g. %, haematocrit 29, and E.S.R. 120/140).
A radiograph of the skull showed destruction of the pyramid between the left internal meatus and jugular foramen (Fig. 1 hypoaesthesia and deviation of the lingula to the left; decreased gag and palatal reflexes on the left; atrophy and weakness of the left sternomastoid and trapezius muscles; hypotonia of the left extremities with hyporeflexia but no objective muscle weakness. The Romberg sign showed slight deviation to the left but balance was retained. The patient was discharged from hospital in good general condition on 3 August 1960. She remained, however, under further observation. Despite the satisfactory state of her health, it was decided to repeat the x-ray therapy, and she was, therefore, re-admitted to hospital in September and was given a further 1,400 r.
At present, two years after treatment, she remains well and has returned to her normal everyday activities.
DISCUSSION
Tumours of the glomus jugulare usually occur in patients in the middle age groups. According to Bickerstaff and Howell (1953) , there have been no cases reported in persons under the age of 17 and in those over 50 the tumour is also rare. Nevertheless, one of the patients in their review was aged 81 years. These findings concur with those of Guild (1953) , who, as a result of 88 ear sections, found 248 glomus formations, the largest number being in patients aged 30-39, and the smallest in persons under 20 and over 60 years of age.
Of the 248 glomus formations, 135 were closely associated with the tympanic branch of the glossopharyngeal nerve, and 113 of them with the auricular branch of the vagus nerve. In only 5 % of his cases was Guild unable to find any glomus formation. Fifty-one of the glomera in the region of the jugular fossa were related to the tympanic branch of the glosso-pharyngeal nerve, while 81 of the glomera in this region were related to the auricular branch of the vagus nerve.
Histologically, the jugular body closely resembles the carotid body. Each glomus consists essentially of numerous small blood vessels, capillary or precapillary in size, with epithelioid cells between the vessels.
Whereas the chromaffin reaction is strongly positive in the adrenal medulla, it is doubtfully positive, or more usually negative, in preparations of the carotid and jugular bodies. Therefore, carotid tumours as well as glomus jugulare tumours are designated as being non-chromaffin in nature.
CLINICAL FEATURES In the review of Bickerstaff and Howell (1953) it is noted that 78 % of the cases are in women. They offer, however, no explanation of this phenomenon. Most of the patients gave a long history of illness. Sixty patients consulted a physician only 10 years after the symptoms appeared and 17 of them after 20 years. Even the remaining patients first sought medical advice only after several years had elapsed. Nevertheless, the illness may develop rapidly, as in the case described by Albernaz and Bucy (1953) when no more than two months elapsed from the primary symptoms to a state of coma.
The clinical features depend on the primary site of the tumour. Capps (1953) classified tumours of the glomus jugulare in two groups: 1 Originating in the middle ear, characterized by deafness and tinnitus, and penetrating through the drumhead into the external auditory meatus; 2 tumours arising in the neighbourhood of the jugular bulb and invading the middle ear through its floor. These often tend to invade the labyrinth and to spread on the undersurface of the petrous bone, giving cranial nerve palsies. According to Capps, these tumours are often so extensive and inaccessible that surgical approach is a matter of great difficulty.
In our opinion, there is good reason to distinguish a third group consisting of tumours localized in the jugular foramen or in the ponto-cerebellar angle and causing a characteristic syndrome. Whereas the tumours arising in the middle ear are par excellence 'otological', those belonging to the proposed third group are 'neurosurgical' at the very beginning. It should, however, be repeated that tumours of the glomus jugulare with primary neurological features are of the utmost rarity.
A tumour of the glomus jugulare arising in the posterior fossa (jugular foramen or ponto-cerebellar angle) is characterized by palsies of the seventh to twelfth cranial nerves and paralysis of the fifth and sixth nerves is relatively uncommon. These tumours also give rise to a 'cerebellar syndrome' (ataxia, positive Rombergism, and adiadochokinesis).
Papilloedema in this tumour appears to be more uncommon than in other tumours in the same region.
One of the typical features of a tumour of the glomus jugulare is the feeling of bruit in the ear, probably caused by the high vascularity of the tumour. Poppen and Riemenschneider (1951) suggest, therefore, that a vertebral arteriogram may be helpful in the diagnosis.
A radiograph of the skull in cases of glomus jugulare tumour usually shows clouding of the mastoid air cells and erosion or destruction of the petrous or occipital bones or enlargement or destruction of the jugular foramen.
TREATMENT Radical removal of the tumour is, of course, the best method of treatment. However, because of the marked vascularity of the tumour, operation may cause excessive and dangerous bleeding which may prove very difficult or even impossible to control. We, therefore, feel that in the presence of excessive bleeding radical surgery is not Tumour of the glomus jugulare of the ponto-cerebellar angle treated with x-irra diation advisable and no more than a decompressive craniectomy should be performed.
X-ray and surgical therapy Opinions as to the effects of x-ray therapy upon glomus jugulare tumour are divided. The majority of authors are, however, pessimistic as to the results of such treatment. Mattick and Burke (1952) stated that there seems to be no reason for radiation of glomus tumours as, presumably, like carotid body tumours, they are radioresistant. Barton and Thec (1953) stated that radiation therapy had produced no demonstrable ,effect. Albernaz and Bucy (1953) considered that the tumours did not seem to respond to x-ray therapy. Riemenschneider, Hoople, Brewer, Jones, and Ecker (1953) (1955) reported that in 13 cases treated surgically there was no immediate improvement. In their opinion the improvement that ensued was due to x-ray or radium therapy. Nevertheless, they stated that when cranial nerves are involved radiation therapy seem to have little or no effect in restoring functions. Thoms et al. (1960) are in favour of surgical treatment alone, stating that these tumours are -highly differentiated and ordinarily the dosage of .radiation required to be lethal to the tumour would simultaneously be expected to be lethal to adjacent brain-stem tissues.
Of the reports in the medical literature concerning the effects of x-ray therapy on carotid-body-like *tumours, only those of Bevan and McCarthy (1929) and Lahey and Warren (1951) expressed any optimiism. It seems that so far the best results in the fadiation therapy of glomus jugulare tumour involving pontocerebellar nerves have been obtained by Alexander and Adams (1953) . After biopsy of neoplastic tissue from the ear their patient was given 2,080 r. and six weeks later 900 and 1,200 r. were administered through left and right occipital portals. In our case, however, after radiation therapy the headache and the disturbances of swallowing and phonation disappeared. Ataxia and paralysis of the palate, as well as the seventh nerve palsy regressed, and the patient's voice became normal, although there was no improvement of the sterno-mastoid paresis and tongue deviation and atrophy. We feel, therefore, that there is no doubt of the effectiveness of radiotherapy in causing regression of the tumour.
SUMMARY
A case of tumour of the glomus jugulare (nonchromaffin paraganglioma, chemodectoma) of the ponto-cerebellar angle has been reported, showing multiple neurological features with both cranial nerve palsies and signs of cerebellar involvement.
Treatment by radiation after biopsy produced considerable improvement. The value of radiotherapy is discussed.
